Review of “Measured and Modeled Snow Cover Properties across the Greenland Ice Sheet” by
Bellaire et al., submitted to The Cryosphere.

This work reports the results and subsequent modeling of a spatially very extensive field
campaign across the Greenland ice sheet (GrlS) where snow physical properties were measured
in order to understand their spatial and temporal variability. This work may help improve our
understanding of the energy budget of the GrIS and ultimately our ability to better predict its
contribution to sea level rise.

General evaluation

Even though most of the results obtained do not seem to be shown in the paper, | was truly
impressed by the breadth of the campaign. A very large number of site were studied, so many
that | wonder how the logistics were organized? Did the authors travel on land, giving them the
opportunity to observe spatial variations in a continuous manner or did they fly?

There is therefore significant potential in this impressive work. Unfortunately, this potential
does not seen adequately exploited here. Most data are not shown and none is available as
supplementary material. The modeling work is disappointing. The authors perform what |
consider very preliminary simulations where they do not detail key model features. Simulations
in general do not reproduce observations and when they do, it is only global averages, often
obtained using adjustable parameters so that the actual value of the simulations is not obvious.
Sadly, there is no real investigation of why the model does not work. No critical examination of
the model physics is performed to try to explain its lack of performance. Furthermore, it is not
carefully written. Previous work on the topic is not adequately mentioned and not discussed at
all. Crucial details to allow the reader to evaluate the science are often lacking, figure captions
are often inadequate, and obviously the paper was not proof-read by all the authors before
submission. All in all, this paper looks more like a preliminary campaign report than a true
scientific paper. In my opinion, it does not come close to meeting the scientific requirements for
publication in The Cryosphere. | am very sorry to come to this conclusion, as | speculate that
there should be material of exceptional value for a very valuable publication, but | have to
recommend rejection, while hoping that the authors will devote the time this work probably
deserves to draft a careful, more complete and elaborate resubmission.

Major points
- Experimental data and comparison with previous work. The authors report only a small

fraction of their data. How surprising to read a snow physics paper where snow pits were dug
without seeing a single stratigraphic profile! How about recapitulative graphs of physical
properties? How about a study of trends in physical properties with latitude and altitude?
The authors do a nice job correlating precipitation with geography, and in general spend a lot
of time on meteorology and reanalysis data, but this is supposed to be (from the title) a
snow physics paper. The potential to draw conclusions on spatial variability is just not
explored. Regarding temporal variability, the authors briefly mention the seminal work of
(Benson, 1996) (actually Benson 1960, but both are in fact equivalent) but do not discuss his



results in comparison with theirs. Likewise, (Carmagnola et al., 2013) report density and SSA
profiles obtained at Summit in 2011 but these are not even mentioned by the authors.
Additional work by (Alley et al., 1990), (Lyapustin et al., 2009) and perhaps by (Hakala et al.,
2014) may also be considered.

Modeling work. The authors conclude that SNOWPACK fails to simulate the vertical density
and SSA profiles of the GrlS, but do not discuss why in depth. | expected an investigation of
physical processes potentially responsible for that, in order to possibly improve SNOWPACK.
The authors mention wind transport, and this 2-D process cannot be simulated by their 1-D
model, but why not envisage an approach similar to that used by (Libois et al., 2014)? In any
case, wind transport can only be invoked for properties near the surface. At depth below 5 to
20 cm near the top of the GrlS, this process is inoperative and a 1-D model should work. Is
the compaction scheme of SNOWPACK deficient, perhaps because of the low average
temperatures? Is the temperature gradient sufficient to drive vapor fluxes that will perturb
the density profile, as indicated by (Domine et al., 2016) from observations in the Arctic? The
authors did perform temperature profile measurements and there may be buried sensors in
a few places (Swiss Camp, Summit?) so they can probably test for that. Regarding SSA, no
indication regarding how this is calculated by SNOWPACK is given so that the reader has no
idea what is happening. True, this can be found in references, but the golden rule is that a
paper can be understood without looking up references.

Minor points

1.

Does a Li-COR photodiode have the same spectral range as that given by reanalyses? My
understanding is that the photodiode measures up to 1100 nm while reanalyses would be
over the solar spectrum.

Since the density of fresh snow is adjusted in SNOWPACK and since the model does not
simulate much variation with depth (i.e. much change after deposition), is it meaningful to
claim that the average density is well reproduced by the model? | get the impression that in
fact the authors adjust the density on a case-by-case basis so that simulations fit
observations and then claim that the model works... Not very convincing.

. P 5, top. Why not just mention that SSA=6/ice density*diameter? By the way, this

relationship was proposed long before (Gergely et al., 2014) so that the choice of this
reference is strange.

. Section 2.4. First paragraph. Figure 1 should be mentioned here. Perhaps mention that

samples were transported to Davos for microCT measurements there (I am guessing).

. P 6, line 3. Replace “air” with “atmosphere”. By the way, would there be any impact of the

too high wind speeds and winter temperatures given by reanalyses on snow properties?

. Captions of Figures 6 and 7. Please be more explicit. Mention explicitly that these are

averages and specify over what depth.

. Figure 8. Obviously the SMP data for TRV-1 has a major problem. | can’t really imagine the

density at 1.5 m depth jumping from 0 to 600 within a few cm. Did all co-authors really



carefully read the paper before submission? Blue can’t easily be told from black in the
legend. How about red? “Density top” is a strange wording.
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